Objective: Paraoxonase (PON) is associated with high-density lipoprotein and protects serum lipid from oxidation. The aim of this study was to determine serum PON, arylesterase (ARE) activities, and total antioxidant capacity (TAC) in metabolic syndrome (MES). Methods: This case-control study was performed on 106 patients with MES and 231 healthy subjects. Serum PON and ARE activities were determined spectrophotometrically. TAC was determined using ferric reducing ability of plasma assay. Results: The results showed that serum PON activity was significantly lower in patients with MES (69.62G59.86 IU/l) than healthy subjects (91.64G77.45 IU/l) (P!0.05). The serum ARE activity in MES and normal subjects were 45.23G23.24 and 65.69G31.10 kU/l respectively. The ARE activity was significantly lower in patients with MES than normal subjects (P!0.0001). No significant differences were observed between MES and normal subjects regarding TAC. Conclusion: The lower PON and ARE activities in MES may be considered an independent risk factor for cardiovascular disease, which remains to be cleared.
Introduction
Metabolic syndrome (MES), a collection of cardiovascular risk factors including central obesity, hypertension, hyperglycemia, glucose intolerance, and dyslipidemia, is associated with an increased risk of cardiovascular disease and diabetes (1) . Human serum paraoxonase 1 (PON1) is w43-45 kDa glycoprotein, synthesized mainly by the liver, which circulates in serum in association with high-density lipoprotein (HDL) and protects low-density lipoprotein (LDL) from oxidation by the hydrolysis of biologically active lipoperoxides (2) . The activity of this enzyme is measured using paraoxon or is estimated from the activity of arylesterase (ARE) using phenyl acetate. It has been reported that ARE activity is not affected by the polymorphisms of PON1 (3, 4) .
Serum PON1 activity was found to be reduced in a number of pathological conditions including coronary artery disease (5) , hypercholesterolemia (6), type 2 diabetes (6, 7), polycystic ovary syndrome (8) , and renal failure (9) . PON1 is recognized as an antioxidant enzyme because it hydrolyzes lipid peroxides in oxidized lipoproteins.
To the best of our knowledge, information regarding PON and ARE activities in MES is limited. The aim of this study was to find out the levels of PON and ARE activities in MES.
Materials and methods
This case-control study was performed on 106 individual with MES and 231 normal subjects. The demographic and biochemical characteristic of the groups are shown in Table 1 .
The study was approved by the local ethical committee of Zahedan University of Medical Sciences and written informed consent was obtained from all subjects. The MES was determined as the presence of three or more of five components according to the national cholesterol education program (NCEP) ATP III (Table 2) (1).
Fasting blood glucose (FBG) and lipid profile (TG, total cholesterol, LDL-C, and HDL-C concentrations) were measured by automated chemistry analyzer using commercial available kits (Table 1) . PON activity assays were performed in the absence (basal activity) and presence of 1 M NaCl (salt-stimulated activity) using paraoxone (diethyl-pnitrophenyl phosphate) as a substrate as described previously (10) .
Phenylacetate was used as a substrate to determine the ARE activity. The rate of phenol produced was continuously monitored at 270 nm at 37 8C. ARE activity was determined using molar extinction coefficient of phenol (1310/M per cm) and expressed as kU/l serum (10) .
Serum total antioxidant capacity (TAC) was determined by measuring their ability to reduce Fe 3C to Fe 2C , which is known as ferric reducing ability of plasma (FRAP) assay as described previously (11) .
Statistical analysis was performed by commercial software (SPSS for Windows, V17) using independent sample t-test and the Pearson correlation coefficient test. A P value !0.05 was considered statistically significant.
Results
The study consisted of 106 MES (34 males and 72 females; age 43.54G14.07) and 231 normal subjects (97 males and 134 females; age 35.64G13.27). The levels of PON1 activity in MES and healthy subjects (Table 3) were 69.62G59.86 and 91.64G77.45 IU/l respectively. The activity of PON in MES was significantly lower than normal subjects (PZ0.01). In addition, salt-stimulated PON activity was significantly lower in MES (136.23G111.80 IU/l) than normal subjects (192.24G162.68 IU/l) (PZ0.02).
The serum ARE activity in MES and normal subjects were 45.23G23.24 and 65.69G31.10 kU/l respectively (Table 3 ).
In males, there were no significant differences in the activities of PON1 between MES (64.57G58.24 U/l) and normal subjects (90.01G84.17 U/l) (PZ0.106). While a significant difference was found regarding ARE activity in MES (64.68G35.08 kU/l) and normal subjects (40.97G16.23 kU/l) (P!0.001).
In females, the activity of PON was significantly lower in the MES (72.01G60.87 U/l) than in the controls (92.82G72.49 U/l) (PZ0.039). We also found that ARE activity was significantly lower (P!0.001) in female cases (47.25G25.75 kU/l) than in normal subjects (62.80G27.6 kU/l).
No significant correlation was observed between age and PON or ARE activities (PO0.05). A significant difference was observed among MES and normal subjects regarding the ARE activity (P!0.0001). No significant difference was observed among MES and normal subjects for TAC. In MES and normal subjects, PON activity was positively correlated with ARE activity (rZ0.368, P!0.0001; rZ0.594, P!0.0001). While a positive correlation was observed between PON and HDL-C in normal subjects (rZ0.168, PZ0.01), the correlation between MES and HDL-C was not significant (rZ0.122, PZ0.21). Furthermore, there were no correlations between MES and normal subjects regarding PON and cholesterol, LDL-C, triglyceride, TAC, and body mass index (BMI) (PO0.05).
Discussion
In this study, we found that PON and ARE activities were significantly lower in MES when compared with normal subjects. The formation of free radicals is a normal outcome of a variety of essential biochemical reactions and can occur at elevated rates under pathophysiological circumstances (12, 13) . The physiological role of antioxidants is to prevent damage to (16, 17) . It has been well documented that the two common coding region polymorphisms of the gene PON1 (L55M and Q192R) lead to changes of both the level and activity of the enzyme (18, 19) . Moreover, it has been found that promoter polymorphism of PON1, especially K107T/C, affects the PON1 expression and serum concentration (20) . On the other hand, acquired factors such as diseases, diet, and lifestyle can also affect the PON1 activity. It has been proposed that consumption of red wine or flavonoidcontaining drinks (21) as well as moderate alcohol intake (22) increases serum PON1 activity. The exact mechanisms affecting low PON1 and ARE activities in MES are yet to be clear.
It is well known that in the general population, MES is associated with increased cardiovascular morbidity and mortality (23, 24) and high prevalence of type 2 diabetes mellitus (25) . Human PON1, an HDL-associated enzyme, is capable of preventing LDL oxidation. According to this and previous results (14) , reduced PON and ARE activities in MES might be an independent risk factor for cardiovascular disease in these patients. However, more studies in diverse populations are needed for clear confirmation.
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